The relationship between systemic arterial pressure (SAP) and neocortical microcirculatory blood flow (CBF) in areas of focal cerebral ischemia was stud ied in 15 spontaneously hypertensive rats (SHRs) anes thetized with halothane (0.5%). Ischemia was induced by ipsilateral middle cerebral artery/common carotid artery occlusion and CBF was monitored continuously in the ischemic territory using laser-Doppler flow me try during manipulation of SAP with I-norepinephrine (hyperten sion) or nitroprusside (hypotension). In eight SHRs not subjected to focal ischemia, we demonstrated that 0.5% halothane and the surgical manipUlations did not impair autoregulation. Autoregulation was partly preserved in ischemic brain tissue with a CBF of > 30% of preocclu sion values. In areas where ischemic CBF was <30% of
It is controversial whether increasing systemic arterial pressure (SAP) can improve the neurologi cal outcome after acute stroke (Olsen, 1982; Yatsu, 1982; Grotta, 1987; Meyer et aI., 1987) . Studies in experimental animals have shown that raising SAP to hypertensive levels after induction of cerebral ischemia can lessen brain damage (Safar et aI., 1976; Hayashi et aI., 1984; Aspey et aI., 1987; Drummond et aI., 1988) . Clinical data showing im proved neurological outcome associated with hy pertension after stroke are anecdotal (Farhat and Schneider, 1967; Wise et aI., 1972;  Vander Ark and preocclusion values, autoregulation was completely lost. Changes in SAP had a greater influence on CBF in tissue areas where CBF ranged from 15 to 30% of baseline (9% change in CBF with each 10% change in SAP) than in areas where CBF was <15% of baseline (6% change in CBF with each 10% change in SAP). These findings dem onstrate that the relationship between CBF and SAP in areas of focal ischemia is highly dependent on the sever ity of ischemia. Autoregulation is lost in a gradual manner until CBF falls below 30% of normal. In areas without autoregulation, the slope of the CBF/SAP relationship is inversely related to the degree of ischemia. Key Words: Arterial blood pressure-Cerebral blood flow autoregula tion-Experimental focal cerebral ischemia. Pomerantz, 1973; Van Dellen and Buchanan, 1977) . On the other hand, there is experimental (Fenske et aI., 1975; Spatz et aI., 1976; Michenfelder and Milde, 1977; Bleyaert et aI., 1980; Kogure et aI., 1981) and clinical (Gottstein and Seel, 1977) evi dence for a worsening of outcome from increasing SAP above normal levels after cerebral ischemia. The enhanced formation of cerebral edema, intra cranial hypertension, cerebral hemorrhage, pulmo nary edema, and cardiac failure by arterial hyper tension might all contribute to this worsening.
The potential benefit of increasing SAP during cerebral ischemia is based on the assumption that this measure will increase CBF in tissue where au toregulation has been lost (Meyer et aI., 1973a, b) . Though it is generally accepted that autoregulation is lost in ischemic brain, little is known about the quantitative relationships among SAP, CBF auto regulation, and level of ischemia. The aim of our study was to quantify these relationships in the neo cortical microcirculation of rats subjected to focal cerebral ischemia.
MATERIALS AND METHODS
Twenty-three male spontaneously hypertensive rats (SHRs) weighing 250-320 g were fasted overnight with free access to water. Anesthesia was initiated with 2% halothane in a mixture of 70% nitrogen and 30% oxygen. The right femoral artery and vein were cannulated for SAP monitoring, repeated blood sampling, and drug ad ministration. Mean SAP was recorded continuously (Beckman R511 polygraph). Arterial oxygen and carbon dioxide tensions, pH (Corning 158 pH/blood gas ana lyzer), and hematocrit were measured serially. An endo tracheal tube was inserted and the animals were venti lated with a small-animal ventilator (Braun Melsungen) with a 70%/30% mixture of N2/02 and 1-1.5% halothane. After the surgical procedures described below were com pleted, anesthesia was maintained with 0.5% halothane. Body temperature was controlled at 37.5 ± OSc.
Common carotid/middle cerebral artery occlusion
The right common carotid artery (CCA) and middle cerebral artery (MCA) were prepared for occlusion as described by Brint et aI. (1988) . In brief, without compro mising carotid blood flow, an atraumatic arterial clasp was placed around the right CCA. The right MCA was exposed through a 2-mm burr hole via a subtemporal ap proach. The dura overlying the MCA was pierced and an 80-J.Lm steel hook attached to a micromanipulator (MM-3; Narishigi Instruments, Tokyo) was inserted under the MCA just superior to the inferior cortical vein, without compromising MCA blood flow.
Laser-Doppler flowmetry
Changes in regional CBF (rCBF) were recorded using laser-Doppler flowmetry (LDF) (Stern, 1975; Bonner, 1987) . LDF allows instantaneous, nondirectional, contin uous, and noninvasive measurements of microcirculatory blood flow in a tissue sample of � 1 mm3• Various studies have shown good correlations between standard tech niques and LDF in monitoring a wide range of blood flow (10-200% of baseline) in the brain microcirculation (Lindsberg et aI., 1988; Skarphedisson et aI., 1988; Arbit et aI., 1989; Haberl et aI., 1989) . In a validation study (Dirnagl et aI., 1989) using the MCA/CCA occlusion model we reported that LDF accurately measured changes in rCBF but did not provide correct rCBF values in traditional units (mlll00 g/min).
We used a BPM-403 LDF monitor (TSI Inc.), a diode laser device with a wavelength of 780 nm and 1.6-mW intensity. Blood flow measurements were updated 10 times/so To exclude pulsations of rCBF and to obtain a mean value, we used an internal filter with a time con stant of 5 S. The BPM-403 LDF monitor displays flow in traditional units (i.e., ml/100 g/min). Since we found LDF incapable of recording absolute flow (Dirnagl et al., 1989) , these values were used only to calculate rCBF changes, expressed as percentage of baseline values (see beloW).
To record rCBF with LDF, two burr holes (2-mm di ameter) were placed over the right cerebral hemisphere. Burr hole I was placed 8 mm lateral and 2 mm anterior and burr hole 2 at 8 mm lateral and 8 mm posterior to bregma. Prior experience with this model of focal isch emia indicated that variable degrees of ischemia would develop at these two recording sites. To prevent injury to the cortex, a thin bone layer was preserved during drill ing, which then was removed gently with forceps. The J Cereb Blood Flow Metab, Vol. 10, No. 3, 1990 dura was left intact and microscopically inspected to be free of blood vessels. Two small-caliber LDF probes (P433 TSI Inc.), attached to a micromanipulator, were advanced under microscopic guidance to the surface of the exposed cortex without indenting it.
To provide a clear optical medium for the LDF record ing and to control the brain temperature at 37°C, warmed saline (0.9%) was rinsed over the brain at the interface between the LDF probe tip and the brain. No difference in LDF readings using either saline or artificial cerebro spinal fluid was demonstrated in a pilot study. LDF read ings were continuously recorded on a chart recorder to gether with SAP. LDF values for each probe site were expressed as a percentage of the baseline reading for this site.
Experimental protocol
The animals were divided into two groups. In group I animals, cerebral autoregulation was studied under non ischemic conditions. The MCA and CCA were occluded in group II and rCBF was measured under ischemic con ditions.
Group I (n = 8). After recording a stable baseline of rCBF, SAP was changed stepwise by 10 mm Hg using either I-norepinephrine bitartrate (Winthrop Pharmaceu ticals) or sodium nitroprusside (Elkins-Sinn Inc.). rCBF was recorded at each SAP level when both SAP and rCBF had stabilized after the blood pressure manipUla tion (usually <5 min). The occluding hook was placed under the MCA, but the MCA and CCA were not oc cluded.
SAP was raised stepwise to �2oo mm Hg by infusing I-norepinephrine bitartrate (2 J.Lg/ml base equivalent) in physiological saline into the femoral vein with a syringe infusion pump (Razel Scientific). The infusion rates (max. 15 J.LlImin) were then stepwise decreased until SAP re turned to baseline values.
When SAP returned to baseline values, sodium nitro prusside (0.3 mg/ml in 5% dextrose) was infused intrave nously to decrease SAP (max. infusion rate 20 J.Ll/min) in steps of 10 mm Hg to a final SAP of �50 mm Hg. There after the infusion rate was reduced in the same manner. Approximately 2 h was required to raise SAP to 200 mm Hg, reduce it to 50 mm Hg, and then to return it to base line.
Group II (n = 15). After reaching a stable baseline of SAP and rCBF, the CCA was occluded in group II ani mals by tightening the carotid artery clasp. The MCA was occluded immediately afterward by raising the MCA 0.5 mm above the cortex with the hook and touching the steel hook with a thermal cautery tip just above the MCA. This procedure severs the MCA with minimal trauma to the underlying cortex.
After a new, stable rCBF baseline was reached (�5 min), blood pressure was manipulated and rCBF re corded in the same way as in group I. In 10 of the 15 animals, the manipulations to increase blood pressure preceded the manipulations to decrease blood pressure. To test for an effect of the sequence of blood pressure manipulations, in five additional animals blood pressure was decreased first and then increased. When SAP reached 200 and 50 mm Hg, respectively, the infusions were terminated and SAP was allowed to return to base line. No stepwise returns to baseline were performed in this group in order to study the whole SAP range within the shortest possible time interval after induction of isch emia. The SAP manipulation required -60 min.
Data analysis
The cerebral autoregulatory index (AI) was calculated as the ratio of the percentage change in rCBF and the corresponding percentage change in SAP: AI = �rCBF (%)/�SAP (%). One hundred percent SAP for each AI calculation was defined as the mean SAP without norepi nephrine or nitroprusside infusion; 100% CBF was de fined as the corresponding CBF value.
CBF/SAP relationships were studied using formal poly nomial regression analysis (least-squares fit) between rCBF and SAP. For each probe a linear model (straight line of loss of autoregulation) and a cubic model (sigmoi dal curve of autoregulation) were calculated. The cubic model was used if third-order regression led to a signifi cant improvement in fit compared with first-order regres sion (13 weight method) (Zar, 1984; Norusis, 1988) . Re gression of pooled (more than one animal) rCBF/SAP re lationships was calculated only from statistically independent probes; rCBF changes during SAP manipu lations recorded from two probes in the same animal were averaged.
RESULTS

Physiologic variables
Physiological variables for group I (normal brain tissue) and group II (ischemic brain tissue) animals during recording of the rCBF baseline, during SAP manipulations, and at the end of the experiment are presented in Table I . All variables were within nor mal physiological limits and showed no significant changes during the experiment.
Relationship of SAP and rCBF in normal brain tissue
In group I animals, cerebral autoregulation to changes in SAP was studied during anesthesia with 0.5% halothane. Figure 1 shows the data collected from 16 probes in eight animals (399 measure ments). Third-order polynomial regression of rCBF on SAP in each animal showed significant (p < 0.005) l3-coefficients, indicating superior curve fit of the cubic model (third-order polynomial regression; Fig. 1 ) compared with the linear model (simple lin ear regression). Coefficients of determination (?)
for the third-order polynomial regression shown in Fig. 1 ranged from 0.52 to 0.90. ? values for third order regression were always higher (by 0.1-0.4) than for first-order regression. In each of the eight animals two probes measured rCBF in the right pa rietal neocortex. Probes in individual animals were therefore not independent and for regression anal ysis the mean change of both probes combined at each SAP level was used.
A third-order regression analysis for the data from all eight animals is shown in Fig. 5 (curve N). Visually extrapolated from this curve, the lower limit of autoregulation, arbitrarily defined as the ar terial blood pressure value where CBF drops below 80% of control blood flow (Shinohara et al., 1987) , was found to be �80 mm Hg. The upper limit of autoregulation (CBF > 120% of control) was 175 mm Hg. The AI within the limits of autoregulation approximated 0. 29. Thus, a 10% change in SAP led to a 2. 9% change in rCBF.
Relationship of SAP and rCBF in ischemic brain tissue
A total of 332 rCBF determinations were per formed after induction of ischemia in 15 animals (group lI). To study the relationship between the loss of autoregulatory capacity and the severity of ischemia, the data were stratified according to the level of ischemia induced by MCAICCA occlusion in each brain tissue sample (probe). Values from individual probes were assigned to one of the fol lowing three groups: A ("mild" ischemia), postoc clusion rCBF of > 30% of baseline; B ("moderate" ischemia), postocclusion rCBF between 15 and 30% of baseline; C ("severe" ischemia), postocclusion rCBF of < 15% of baseline. In four animals both probes were placed over brain regions showing a very similar degree of ischemia and had to be strat ified in the same group. Because these probes were not statistically independent, rCBF values from both probes were averaged in these animals for each SAP level for data display and regression anal ysis. Relationship in mildly ischemic brain tissue (group A). A total of 100 measurements were ob tained at eight sites in seven animals where postoc clusion rCBF was > 30% of baseline (Fig. 2) . Mean postocclusion rCBF was 45% of the baseline value (range 30--6 8%; SD ± 30%) prior to the SAP manip ulations. The rCBF/SAP relationship was S-shaped in all but one animal (Figs. 2 and 5), and where autoregulation was partially preserved, the AI was 0.68 (extrapolated from Fig. 5 ). Third-order polyno mial regression of rCBF on SAP (Fig. 2) led to im proved curve fit when compared with simple linear regression (significant l3-coefficients, p < 0.005) in all but one probe. Coefficients of determination (r2) for the third-order polynomial regression shown in Fig. 2 ranged from 0. 82 to 0. 98. Except in one probe, where there was a linear relationship be tween rCBF and SAP (see above), r values for third-order regression were higher (by �0. for first-order regression, also indicating improved fit due to the cubic model.
Relationship in moderately ischemic brain tissue (group B). A total of 130 measurements at nine probe sites in seven animals detected brain tissue in which rCBF fell to a level between 15 and 30% of baseline values after MCAICCA occlusion. Mean rCBF after MCAICCA occlusion was 18.2% of baseline, with a range of 15-29% (SD ± 9%). The rCBF/SAP relationship was linear (Fig. 3) , and the AI was 0. 88 (extrapolated from the pooled data from seven independent probes). The l3-coeffi cients, calculated for a third-order regression of rCBF on SAP for each animal, did not reach statis tical significance (p > 0.1). r values for the first order regressions shown in Fig. 3 ranged from 0.36 to 0.98. Third-order regression did not improve r values, and the lines fit by the cubic model were almost straight, indicating linear relationships be tween SAP and rCBF.
Relationship in severely ischemic brain tissue (group C). A total of 102 measurements at nine probe sites in seven animals showed rCBF values below 15% of baseline after MCAICCA occlusion. The mean rCBF after MCA/CCA occlusion in this group equaled 10.8% of baseline (range 4-14%; SD ± 4%). Figure 4 shows the data, analyzed with a linear regression for each animal. The cubic model (third-order polynomial regression) did not improve the curve fit (no statistical significance of the l3-coefficients, p > 0.2). ? values for the first-order regressions shown in Fig. 4 ranged from 0.51 to 0.94. Third-order regression did not improve r2 val ues, and the lines fit by this model were almost straight, indicating linear relationships between SAP and rCBF. The AI of 0.60 (extrapolated from the pooled data from seven independent probes; see Fig. 5 ) was less than in zones of moderate ischemia where autoregulation was also lost.
DISCUSSION
Our study shows that rCBF in the neocortex of SHRs anesthetized with 0.5% halothane is auto regulated to nitroprusside-and norepinephrine induced changes in SAP. The SAP within which autoregulation was maintained ranged from 80 to 175 mm Hg. These values are consistent with the limits of autoregulation reported for the SHR (see below).
In ischemic neocortex, autoregulation was atten uated but not abolished in tissue areas where rCBF after MCAICCA occlusion fell to levels between 30 and 60% of preocclusion values. In tissue areas where post-MCA/CCA occlusion rCBF was <30% of preocclusion values, autoregulation was lost. However, the relationship between rCBF and SAP in tissue without autoregulatory control was not a continually linear function. Blood flow rose less per unit change of SAP in severely ischemic tissue than in areas of moderate ischemia.
Methodological problems
Autoregulation was studied in an open skull prep aration in anesthetized rats using a vasodilator and a vasoconstrictor drug to manipulate SAP.
The formation of cerebral edema in ischemic tis sue might alter SAP/rCBF relationships by decreas ing local tissue perfusion pressure. Edema forma tion in areas of focal brain ischemia reaches statis tical significance only after 2-3 h (Ito et aI., 1979; Schuier and Hossmann, 1980) . Since all measure ments in ischemic brain tissue for this study were completed within 60 min after onset of ischemia, brain edema was probably not a complicating fac tor.
To economize the use of experimental animals and to study the full range of SAP/rCBF relation ships in each animal, rCBF was studied during in duced hyper-and hypotension. The blood-brain barrier is altered in cerebral ischemia (Ito et aI., 1979) , and induced hypertension or hypotension might add to the damage of cerebral vessels (Har debo and Beley, 1984) , thus further impairing cere bral autoregulation. Blood pressure was not raised above 200 mm Hg in most animals and was kept at the extreme levels of SAP only for minutes. No difference was found between the SAP/rCBF rela tionships of animals where hypertension preceded hypotension (n = 10, solid lines in Figs. 2-4 ) and those where hypotension preceded hypertension (n = 5, dashed lines in Figs. 2-4) . To examine autoregulation, SAP must be manip ulated either through alterations of blood volume and/or through administration of vasoactive drugs. Unfortunately, the drugs used to change blood pres sure as well as anesthetic agents may also influence CBF directly, without crossing the blood-brain bar rier (Waltz, 1968; Acar and Pickard, 1980) , through alterations of vascular smooth muscle contraction. Three drugs were used in our study: nitroprusside, norepinephrine, and halothane.
The reports on the effects of nitroprusside on CBF and autoregulation are inconsistent. Some studies showed that nitroprusside reduced CBF (Crockard et aI., 1976; Brown et al., 1977 Brown et al., , 1978 Miletich et aI., 1980) , while others found no effect on CBF (Candia et aI., 1978; Rogers and Trayst man, 1979) . Anesthesia seemed to play a crucial role in the observed differences. At a given level of nitroprusside-induced hypotension, CBF was higher and autoregulation better preserved in the presence of anesthesia (Hendriksen and Paulson 1983; Murphy and Sage, 1988) .
Studies on the cerebrovascular effects of norepi nephrine show that the intravenous application of this drug can lower CBF (King et al., 1952; Tsukada et al., 1979) independently of SAP changes. How ever, when the blood-brain barrier is disrupted and norepinephrine crosses the barrier in significant amounts (Hardebo et al., 1979) , it increases CBF « MacKenzie et al., 1975; Hardebo et al., 1977) . Mc Calden and Eidelman (1975) found a dose dependent response of the cerebral circulation: Low doses of norepinephrine increased CBF, whereas high doses decreased CBF.
Halothane is a potent vasodilator that increases CBF in anesthetic concentrations in normal (Keaney et al., 1973; Anderson et al., 1980) as well as in ischemic (Smith et al., 1973) brain tissue. Morita et al. (1977) demonstrated intact autoregula tion during 0.5% halothane anesthesia, which is in accordance with our results. Concentrations of 1 % halothane and higher impair autoregulation (Okada et al., 1987; Hickey et al., 1988) .
SAP/rCBF relationships in normal cortical brain tissue
Differences in species, anesthesia, and the meth ods used to change SAP make comparison of AIs from various studies difficult. Additionally, three different definitions for the AI exist. Some studies express the AI as the ratio of the percentage change in CBF versus the percentage change in SAP (Ole sen, 1973; Brown et al., 1978) . Others use the ratio of the percentage change in CBF and the absolute change in SAP in millimeters of mercury (Symon et al., 1976) or the ratio of absolute CBF change in milliliters per 100 g per minute and absolute change in SAP in millimeters of mercury (Meyer et al., 1973a; Ayoagi et al., 1975; Kawamura et al., 1975; Okada et al., 1975; Shinohara et al., 1987) .
The AI in our study, calculated at the ratio be tween the percentage change in CBF and the per centage change in SAP, was 0.29. Taking into ac count all the restrictions discussed above, this num ber corresponds well with other studies. Values for the AI in normal brain tissue, gathered in different species and with different experimental protocols, range from 0 to 0.4 (Olesen, 1974; Kawamura et al., 1975; Okada et al., 1975) . Heistad and Kontos (1983) conclude that CBF in normal brain tissue changes by 2-7% per 10-mm Hg SAP change.
The lower and upper limits of autoregulation, ar bitrarily defined as the SAP where CBF drops be-low 80% of baseline and rises above 120%, respec tively, were 80 and 175 mm Hg in our series. In chronic hypertension, the limits of autoregulation to SAP changes are shifted to higher SAP levels in humans (Strandgaard et al., 1973) and in animals (Barry et al., 1982) . For the SHR, the lower limit was reported to lie between 70 and 95 mm Hg (Fu jishima and Omae, 1976; Barry et al., 1981; Fuji shima et al., 1983) , whereas the upper limit is -180 mm Hg (Waldemar et al., 1987) .
The findings of an S-shaped relationship between SAP and CBF plus an AI and limits of autoregula tion well within published values clearly demon strate that in our preparation autoregulation was in tact despite the use of 0.5% halothane.
SAP/rCBF relationships in ischemic brain tissue
Cerebral ischemia in humans impairs autoregula tion (Fieschi et al., 1968; Meyer et al., 1973a,b) . This finding is of considerable importance for the clinical management of patients with stroke. Treat ment of hypertension, often present in such pa tients, might further reduce CBF. On the other hand, dysfunction of the blood-brain barrier has been demonstrated in arterial hypertension (Mac Kenzie et al., 1976) and in ischemic brain tissue (Hayakawa et al., 1979; Kogure et al., 1981; Tyson et al., 1982) . High SAP levels might therefore facil itate the formation of cerebral edema. Arterial hy pertension might also lead to autoregulatory cere bral vasoconstriction in nonischemic brain tissue and thus impair collateral blood supply to the isch emic territory (Matsuoka and Hossmann, 1981) . Additionally, arterial hypertension may have many negative effects on the systemic circulation (pulmo nary edema, cardiac failure, etc.), which worsen the therapeutic outcome after cerebral infarction.
In this situation, where the only potential benefit of elevated SAP levels in stroke patients lies in its effect on CBF, it is of great importance to quantify the relationship of SAP and CBF in ischemic brain tissue. Reivich et al. (1969) demonstrated a corre lation of the degree of autoregulatory disturbance and the severity of CNS trauma. Symon et al. (1973) showed evidence of a link between the degree of ischemia and the extent of loss of autoregulation. In a cat model of focal cerebral ischemia, they dem onstrated that autoregulation was partly preserved in brain tissue areas with a postocclusion CBF of >40% of the preocclusion values. Autoregulation was totally lost in brain tissue with <20% of preoc clusion CBF. Our study, despite differences in spe cies, model of focal cerebral ischemia, method for measuring CBF, manipulation of SAP, and anesthe sia, yielded very similar results. Autoregulation was partly preserved where postocclusion CBF was >30% of the preocclusion value (S-shaped curve, AI = 0.68, Figs. 2 and 5), whereas a CBF below 30% of baseline was associated with a total loss of autoregulation.
Loss of autoregulation and the AI
The AI in tissue areas with a postocclusion CBF between 15 and 30% of baseline was 0.88 (88% change in CBF with a 100% change in CBF, Figs. 3  and 5 ). The relationship between SAP and rCBF in this group is linear, which signifies a passive behav ior of CBF to changes in SAP. The AI in severely ischemic tissue (CBF < 15% of baseline) was 0.60 and SAP/rCBF relationships were also linear (Figs. 4 and 5) . This demonstrates that the AI has to be interpreted very carefully since a smaller AI does not necessarily indicate better autoregulation. There is no regulation of CBF in response to changes in SAP in this group (Fig. 4) . Instead, the smaller AI in group C (0.60) as compared with group B (0.88) points to a higher cerebrovascular resistance (CVR) or a lower local perfusion pres sure in severely ischemic tissue. Hudez et al. (1985) reported a progressive rise of the regional CVR with decreasing rCBF. The CBF threshold for increases of the regional CVR was between 30 and 35% of baseline CBF. According to the general equation of blood flow (Zweifach and Lipowsky, 1984) , and R for resistance, blood flow in the cerebral cir culation can be expressed as follows:
where CPP is cerebral perfusion pressure. With in creases in CVR, the slope of the perfusion pressurel CBF relationship and therefore the AI decrease. Several independent factors might contribute to an increase in microvascular CVR in severe ischemia. Perivascular swelling can decrease the diameter of cerebral vessels (Diaz and Ausmann, 1980) , and va sospasm occurs in the cerebral microcirculation (Waltz and Sundt, 1967) . In states of low flow, blood viscosity and red blood cell aggregability in crease with a decreasing velocity gradient (shear rate) (Chien et al., 1984; Zweifach and Lipowsky, 1984) , leading to an increase of CVR in ischemic brain tissue (Kee and Wood, 1985) .
Raising CBF in the ischemic territory by increasing SAP The CBF threshold for cerebral infarction in our rat model of focal ischemia is �20-35 mi/IOO g/min (Brint et al., 1988) . Owing to the restrictions of LDF (see above), the levels of ischemia in our study were expressed as relative numbers (percentage of base line). However, together with data from previous studies using the model, it is possible to estimate absolute from relative CBF. In the parietal cortex, where the flow measurements for this study were performed, CBF was found to lie between 125 and 145 mlllOO g/min (Brint et al., 1988; Dimagl et al., 1989) . Then for group A (CBF > 30%), estimated postocclusion CBF would approximate >40 ml/100 g/min, that for group B (15% < CBF < 30%) be tween 20 and 40 mll100 g/min, and for group C (CBF < 15%) <20 mll100 g/min.
Hence, blood flow in cortical tissue characterized by that of group A, where autoregulation was par tially preserved (Figs. 2 and 5), lies above the threshold of infarction and raising SAP to increase CBF above the threshold is unnecessary. Blood flow in cortical tissue characterized by that of group C is so severely depressed (Figs. 4 and 5) that re gardless of the increase in arterial blood pressure CBF is unlikely to rise above the infarction thresh old. In contrast, raising arterial blood pressure might prevent tissue from infarction in areas with blood flow between 20 and 40 mll100 glmin (group B; Figs. 3 and 5). Increasing SAP from �130 mm Hg (which was the initial SAP of the anesthetized SHRs in our study; see Table 1 ) to 180 mm Hg increases CBF from �25 to �35 mlllOO glmin. An increase of SAP of this magnitude was reported in several clinical studies favoring induced hyperten sion in hypertensive stroke patients (Farhat and Schneider, 1967; Wise et aI., 1972; Vander Ark and Pomerantz, 1973). In summary, in a rat model of focal cerebral isch emia, cerebral autoregulation of CBF to changes in SAP induced by norepinephrine and nitroprusside was shown to be dependent on the level of isch emia. Autoregulation of CBF was attenuated in ischemic brain tissue with a CBF of >30% of pre occlusion values; autoregulation was completely lost when CBF fell below 30% of normal values. SAP had a greater influence on CBF in moderately ischemic brain tissue (CBF between 15 and 30% of baseline) than in severely ischemic brain tissue (CBF < 15% of baseline). Moderately ischemic tis sue (CBF between 15 and 30% of baseline) might benefit from raising SAP in the first hours after ce rebral infarction.
